Pasteurization at 60 C cannot be used to eliminate Salmonellae from liquid egg white, since this process coagulates the proteins and destroys the functional properties of egg white. Therefore, other means of destroying these organisms have been investigated. These include storage of the dried egg white at 50 to 70 C (Banwart and Ayres, 1956 ) and irradiation with high voltage cathode rays (Nickerson et al., 1957) . The industrial efficacy and economy of these methods have not yet been fully evaluated.
In addition to the problem of eliminating Salmonellae there is also the problem of removal of glucose from the egg white in order to prepare a successful dried product (Stewart and Kline, 1941) . Several types of bacterial fermentations (Ayres, 1958) and a process employing glucose oxidase (Scott, 1953) are available for sugar removal from egg white.
In the present investigations a new method for processing egg white has been explored; namely, fermentation with a nonpathogenic strain of Escherichia coli, which is antagonistic to the growth and survival of Salmonellae. This procedure overcomes the disadvantage of the multiplication of Salmonellae during the fermentative desugaring of egg albumen (Ayres, 1958) . In addition, the prospect of eliminating both glucose and Salmonellae in a single procedure is attractive.
That coliform bacteria of the genera Escherichia and
Aerobacter are common fermenting organisms in the "natural" fermentation of egg white has been demonstrated (Stuart and Goresline, 1942a, 1942b) . EXPERIMENTAL 
METHODS
Difco nutrient broth and agar, Difco tryptone glucose extract broth and agar,2 and the brilliant green selenite broth described by Stokes and Osborne (1955) were the culture media used in most of this work. Agar was added to the selenite broth when (1945) . The deproteinization procedure of Somogyi (1930) was used.
Peroxide addition to egg white was made from a 3 per cent commercial solution, the strength of which was determined by the iodometric method described by Kolthoff and Sandell (1936) .
Measurement of pH was made with a Leeds and Northrup glass electrode pH meter.
In egg white fermentations with coliform bacteria, 0.05 ml of an 18-to 24-hr culture (50,000 to 500,000 cells) per 5 ml was routinely used as inoculum. The 0 hr sampling indicates the number of Salmonella added.
Plate cultures for Salmonella from egg white which had been fermented with E. coli for 72 hr were often negative. However, for final detection, replicate subcultures of 1-ml samples into brilliant green selenite broth were made routinely.
Three cultures of Salmonellae were used, Salmonella senftenberg strain 2623, Salmonella oranienburg strain 200E and Salmonella typhimurium strain TM-1, all of which were obtained from the collection of the Western Regional Research Laboratory, Albany, California.
other enteric bacteria (Fredericq and Levine, 1947;  Levine and Tanimoto, 1954) . After a survey of the effect of a number of bacteria, yeasts, and several fungi on the growth of Salmonellae in egg white media, E. coli was chosen for further study. Many strains of E. coli were isolated from stool samples, water, and sewage, but the only cultures which gave demonstrable inhibitory effects by the agar plate testing procedure of Fredericq and Levine (1947) and IMViC tests as Escherichia, intermediates,6 or Aerobacter. During simultaneous growth of the coliform culture with S. senftenberg 2623 in egg white at 37 C, a 1-ml portion was plated on brilliant green selenite agar, after 0, 24, 48, and 72 hr of incubation, for enumeration of the Salmonella cells. Also 1 ml was transplanted to 10 ml of the same selective broth medium after 72 hr of incubation as a final test for the detection of Salmonella. Viable Salmonella cells were present in all instances except in the control.
There were varying effects on Salmonella growth by this group of 26 coliforms. All E. coli except the culture designated B2 displayed some degree of inhibition. Different batches of fresh egg albumen, adjusted to the same pH value, vary widely in their ability to support the growth of S. senftenberg. Table 2 shows two different batches of egg white, one of which supported good growth of the organism and the other only moderate growth. The egg white was prepared from two brands of shell eggs, indicated in table 2 as retail Brands A and B. Egg white cultures inoculated singly with E. coli 6-204-55, S. senftenberg 2623, S. oranienburg 200E, and S. typhimurium TM-1 were plated on tryptone glucose extract agar at various intervals during a 66-hr total incubation period. Though the size of inoculum varied somewhat, a comparison of the extent of growth of the four cultures in the fresh liquid egg white is possible.
With either sample of egg white, E. coli showed a low growth potential. All three species of Salmonellae grew better in both samples of egg white than did E. coli. Salmonella senftenberg produced a greater cell population in the Brand A than in the Brand B egg white. The remaining two Salmonellae species show a low growth potential with either egg white. Since S. senftenberg grew most vigorously, it was chosen for further inhibition studies with E. coli 6-204-55.
Comparison of a large vs. small inoculum of E. coli on the simultaneous growth of S. senftenberg in egg white. Because of the variation in growth characteristics between the two organisms in egg white there was some concern about the ability of E. coli to successfully inhibit the growth of S. senftenberg since the latter grew most vigorously in egg white. An experiment was designed to enumerate both E. coli and S. senftenberg when they were growing in mixed culture in egg white. The objective was to determine the fate of S. senftenberg when the Salmonella inoculum was held constant and the E. coli inoculum was varied.
For enumeration of both organisms in mixed culture, two different culture media were employed. It will be noted in table 3 (first line, 0 hr column) that on tryptone glucose extract agar twice as many Salmonella colonies 6-204-55 in nutrient broth containing glucose, there was a sharp decrease in the Salmonella population (Flippin and Mickelson, 1960) . The effect was strong enough to result in the complete elimination of Salmonella from the medium in 72 hr. This did not occur in nutrient broth without added glucose.
When egg white was the culture medium the E. coli fermentation drastically reduced Salmonella growth (table 4). Multiplication of Salmonella in the egg white was inhibited to the extent that plates prepared with 1-ml samples on brilliant green selenite agar were frequently negative. However, replicate subcultures in brilliant green selenite broth medium were positive for Salmonella, indicating that total elimination did not occur. There are several explanations for the difference in results found in the nutrient broth (Flippin and Mickelson, 1960) culture survived. Only in the presence of E. coli 6-204-55 was the Salmonella eliminated from the cultures. This is evidence for the action of an antagonistic principle in those cultures in which E. coli was present. Extra glucose was added to egg white, and though it resulted in a lowering of pH from 5.4 to 5.1, it did not cause the destruction of Salmonella. The buffer capacity of egg white is considerable. To reduce the pH of 10 ml of egg white from pH 6.4 to 5.4 required 0.87 ml of 0.05 N HCl. This buffer capacity Lloyd and Harriman (1957) . The authors described a method for inactivation of the indigenous catalase by heating the egg white at 120 F for 3 min followed by treatment with 0.075 to 0.30 per cent hydrogen peroxide for 10 to 15 min. They described the product obtained by their process as "commercially sterile," with a destruction of 99.99 per cent of the bacteria present. Contrary to the statement given in the patent, we have found that exposure of egg white at pH 6.5, to 48 C for 2 min was inadequate for inactivation of the indigenous catalase. In one sample of fresh egg white there was a trace of catalase activity after 15 hr of exposure at 48 C.
Egg white containing S. senftenberg was fermented 48 hr with E. coli 6-204-55 and then treated with 0.5 per cent hydrogen peroxide (table 5). In the one case, 0.5 per cent peroxide was added in a single addition after 48 hr incubation. In the other case the same amount of hydrogen peroxide was added in three equal quantities at hourly intervals after 48 hr of fermentation time. Results with S. oranienburg and S. typhimurium, though not shown here, were identical to those with S. senftenberg.
The results show that with egg white cultures in which S. senftenberg was the only organism, elimination of the organism was not achieved by peroxide addition, irrespective of the manner of addition. advantage is that it will be completely dissip through the action of indigenous or adde leaving no residual foreign chemical in the uct.
In the following experiment the effect of The pH was adjusted to 6.5 with citric acid aind 160-ml quantities were dispensed into each of four 250-ml Erlenmeyer flasks. E. coli 6-204-55 was cultured for 18 hr in tryptone glucose extract broth and used for inoculation of the egg white. One pair of flasks was inoculated with 10 per cent by volume of the whole broth culture (approximately 107 cells per ml), the other with the centrifuged cells from an equivalent portion of the culture. The incubation temperature was 37 C. Samples were removed at 0, 7, 24, 36, 48, and 72 hr intervals for glucose analysis. The rate of glucose removal with these two types of inoculum is shown in figure 1 . It was constant with the centrifuged cells but less rapid than when the whole culture was used. Either resting cells or growing cells were equally effective in removing about 95 per cent of the glucose from egg white in 72 hr.
SUMMARY
Certain strains of Escherichia coli, notably 6-204-55 and 1673A, have been found to exert a strong inhibition on the growth of Salmonella senftenberg, Salmonella oranienburg and Salmonella typhimurium in egg white.
Numerous other strains of E. coli, intermediate coliform types, and several strains of Aerobacter were devoid of this property. Of the cultures studied, E. coli 6-204-55 was the most efficient antagonist of Salmonellae. Serological typing has indicated that this strain of E. coli is not an enteropathogen. The E. coli culture also successfully desugared egg white.
Though the E. coli culture showed a lower growth potential in egg white than did the Salmonellae, the numbers of E. coli present seemed to be of little signifi--ance in the inhibition of Salmonellae.
A laboratory procedure has been described to eliminate Salmonellae from fresh egg white; it consists of fermentation of the egg white with E. coli 6-204-55 followed by the addition of 0.5 per cent hydrogen peroxide.
In nutrient broth media with added glucose, in which E. coli 6-204-55 and S. senftenberg were simultaneously cultured, the Salmonella cells were destroyed. In egg white media, though drastic reduction of the number of Salmonella cells resulted, complete destruction of these cells was not attained. The addition of hydrogen peroxide following a 48-hr fermentation period with E. coli resulted in Salmonella-free egg white.
